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(54) Title: BORE HOLE TRANSMISSION SYSTEM USING IMPEDANCE MODULATION 



(57) Abstract 

A data transmission system for use in extracting data 
from a downhole location in a well is disclosed. The well 
has electrically conductive downhole structure (2. C) which 
together with an earth return forms a signal circuit which is 
used to transmit data. A current source (34) is provided at 
the wellhead for applying a reference signal to the downhole 
structure (2. C). Effective impedance varying means (48) 
are located downhole and used for varying the effective 
impedance of the signal circuit in dependence on data to 
be transmitted to the wellhead. Monitoring means (35) 
for monitoring changes in the reference signal caused by 
varying the effective impedance of the signal circuit are 
located at the wellhead. Monitoring these changes allows 
data to be extracted. A separate reference earthing point 
may be provided for the monitoring means to alleviate the 
effect of imperfections in the earth connection (S) used to 
complete the signal circuit. 
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BORE HOLE TRANSMISSION SYSTEM USING IMPEDANCE MODULATION 

The present invention relates to the transmission 
of data in the context of pipeline systems, for example, 
5 surface, sub-sea or downhole pipelines. 

US-A-5 , 130 , 706 discloses an apparatus for 
transmitting data from a downhole location in a borehole 
to the surface. A downhole power source is used to apply 
a signal to an earth-drills tring system at the downhole 
10 location. Data is transmitted from the downhole location 
along the drillstring and is received at the surface. 

Systems in which the power requirement for the 
transmission of data is met from the data transmission 
location have disadvantages. A large amount of power can 
15 be required for transmitting data over the distances 
typically associated wirh pipeline systems. Local power 
supplies, for example batteries, have disadvantages. 
These disadvantages are more pronounced at inaccessible 
locations and in particular at downhole locations. The 
20 batteries may be * one-shot ' batteries or rechargeable 
batteries. These have limited life and replacing or 
recharging can be slow, expensive and wasteful of energy. 
Further the temperature in the downhole environment can 
be high and this can reduce life further, cause high self 
25 discharge and can cause electrolyte boiling problems. 

US-A-4 , 322 , 728 discloses the idea of using a surface 
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based power source to extract data from a downhole 
location. A current pulse is sent along a wireline to a 
downhole transducer assembly where the resistance of each 
transducer is indicative of a quantity to be measured. 
5 The resistance level can be detected at the wellhead by 
monitoring the voltage produced by the current pulse and 
hence the quantity of interest can be determined. 
However, the system of US-A-4 , 322 , 728 makes use of a 
wireline along which the current pulse travels. The use 
10 of separate wirelines has disadvantages in terms of 
expense and susceptibility to damage both during and 
after installation. 

It is an object of the present invention to provide 
a data transmission system which alleviates at least some 
15 of the problems of the prior art. 

According to a first. aspect of. the present invention 
there is provided a data transmission system for use with 
a pipeline system having at least one electrically 
conductive pipe arranged for carrying a fluid comprising, 
20 reference signal generating means for applying a 

reference signal to a signal circuit, 

effective impedance varying means for varying the 
effective impedance of the signal circuit in dependence 
on data to be transmitted, and 
25 monitoring means for monitoring changes in the 

reference signal caused by varying the effective 
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impedance of the signal circuit to thereby extract data, 
wherein the reference signal generating means is arranged 
for applying a signal to a pipe in the pipeline system 
whereby, in use, the signal circuit comprises said pipe. 
5 According to a second aspect of the present 

invention there is provided a method of data transmission 
for use with a pipeline system having at least one 
electrically conductive pipe arranged for carrying a 
fluid comprising .the steps of, 
10 generating and applying a reference signal to a 

signal circuit, 

varying the effective impedance of the signal 
circuit in dependence on data to be transmitted, and 

monitoring changes in the reference signal caused 
15 by varying the effective impedance of the signal circuit 
to thereby extract data, including the sreps of using a 
pipe in the pipeline system as part of the signal circuit 
and applying the reference signal to said pipe. 

This arrangement has the advantage that the high 
20 power supply requirement for data transmission can be 
removed from the location from .which data is to be 
transmitted whilst a separate cable or wireline is not 
required. 

The reference signal generating means and the 
25 varying means may be disposed at distinct locations. 
Typically the power requirements of. the reference signal 
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generating means will be high whereas the power 
requirements of the varying means will be relatively low 
and so can be more easily met from a battery. The 
monitoring means and varying means are typically disposed 
at distinct locations. 

The data transmission system may comprise the 
signal circuit. The signal circuit can comprise a signal 
channel along which data is transmitted and a return 
conduction path. The signal channel can comprise the 
conductive pipe to which the reference signal generating 
means is connected. The signal circuit can comprise a 
return conduction path via earth. 

in use, one terminal of the reference signal 
generating means can be connected to the conductive pipe 
and the other to earth via an earth connection point. 
Preferably the reference signal generating means 
. comprises a constant current source. This has the 
advantage that the monitoring means can be decoupled from 
any imperfections in the earth connection point used to 
20 complete the signal circuit. 

The monitoring means may be. arranged to monitor 
changes in the potential difference, due to the reference 
signal, between a terminal of the current source and 
earth. The monitoring means may be connected across the 
terminals of the current source, in this case the earth 
connection used for monitoring changes in potential 
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difference is the same as that used to complete the 
signal circuit through earth. This has disadvantages 
because the earth connection point will not be true earth 
and its potential difference relative to earth will vary 
5 as the effective impedance of the signal circuit is 
varied . 

Preferably a separate reference earthing point is 
provided and the monitoring means is arranged to monitor 
the potential difference between an output of the current 

10 source and the reference earthing point. This-, has 
advantages because the signal detected by the monitoring 
means is not then effected by the changing potential at 
the earth connection point and consequently noise is 
reduced. The reference earthing point can be a remote 

15 earth. 

The monitoring means may comprise, a voltage 
measuring means. One terminal of the voltage measuring 
means may be connected to the terminal of the current 
source connected to the conductive pipe and the other 
2 0 terminal of the voltage measuring means may be connected 
to the reference earthing point. 

The current source can be arranged to generate a 
constant dc current signal. 

The signal channel may comprise an isolation joint 
25 which electrically isolates adjacent sections of the 
signal circuit from one another. The isolation joint may 
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be provided in the conductive pipe to electrically 
isolate one section of the pipe from an adjacent section. 

The transmission means may be arranged for use in 
a well having downhole structure. The pipe to which the 
reference signal generating means is connected in use can 
comprise the downhole structure. The advantages of the 
system are particularly useful in downhole situations 
because the large power requirement for transmitting data 
from downhole to the surface can be met from the surface. 
This is done by locating the reference signal generating 
at the wellhead and the impedance varying means downhole. 

preferably the downhole structure is treated as a 
single conducting channel. The downhole structure can 
comprise a production string and a casing. Preferably 
15 the production string and the casing are electrically 
connected to form the single conducting channel. 

It has been found that a system which uses the 
production string as a signal line and the casing as the 
return is unsatisfactory in circumstances where the space 
between the production string and the casing is filled 
with a high density brine solution .for ' pressure 
equalisation purposes. The brine solution has a 
relatively high electrical conductivity. This means that 
a system relying on the production string and casing to- 
25 form a circuit is susceptible to extremely high losses 
due to the conduction path . directly from the production 
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String to the casing through the brine solution. Using 
the downhole structure as a single conducting channel 
avoids the problems which arise due to the conduction 
path between the production string and casing ' which 
5 exists when the intervening space is filled with a 
conductive medium . 

The signal circuit can comprise the downhole 
structure and a return conduction path via earth. 

Typically when the downhole structure is disposed 
10 in a well, the production string will be positioned s.o 
as to have an encased portion disposed within the casing 
and an exposed portion projecting beyond the casing. 
Preferably at least part of the exposed portion acts as 
a distributed earth . 
15 An isolation joint may be provided in the 

production string. Preferably the isolation joint is 
' provided in the exposed portion of the production string. 
Preferably a portion of the downhole structure on one 
side of the isolation joint acts as a distributed earth. 
20 The system is suitable for use in both producing and 

abandoned wells. The downhole • structure may ^ comprise a 
monitoring section which is arranged to be kept in an 
abandoned well - The monitoring section can ' comprise an 
isolation joint. 
25 In some- circumstances a well may include lateral 

developments in addition to the main bore. The structure 
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of the Laterals may or may not.be electrically connected 
: to the main bore. If the structures are not electrically 
connected to the main bore a short range electrical link 
may be provided. The link may be an inductive link 
5 between the structure of the main bore and that of the 
lateral . 

The effective impedance varying means may comprise 
an isolation joint. The effective impedance varying means 
may comprise switch means switchable between two states, 
10 the effective impedance of the signal circuit when the 
switch means is in the first state being greater than the 
effective impedance of the signal circuit when the switch 
means is in the second state. The switch means may be 
provided across the isolation joint. The switch means 
15 may be arranged to short across the isolation joint when 
in the second state. The switch means may be a simple 
switch, the two states corresponding to open circuit and 
short circuit. .The switch means may comprise charge 
storage means. Preferably, the charge storage means is 
20 operable to change the effective impedance of the signal 
circuit in dependence on the state of the switch means. 

The switch means, can be i.ranged.so that, in use, 
the charge storage means is charged when, the switch means 
is in one state and is discharged when the switch means 
25 is in the other state. 

The switch means can be arranged so that, in use. 
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the charge storage means generates a potential difference 
across the isolation joint. This potential difference 
can be such that it tends to oppose the reference ' signal 
current when the switching means is in one state and/or 
5 such that it tends to increase the reference signal 
current when the switching means is in the other state. 

The charge storage means may be, for example, a 
capacitor or an electric cell. 

Preferably the effective impedance varying means is 
10 an effective impedance modulation means for modulating 
the reference signal to encode data to be transmitted and 
the monitoring- means- is arranged for decoding, data 
transmitted. This allows more complex data to be 
transmitted using a single varying means and has the 
15 advantage that a large variety of different signals can 
be 'sent using only two signal' levels. Data can be 
transmitted as a switched digital signal. Thus to- extract 
data if is only" necessary to be able to detect two 
* differing signal levels rather than it being necessary 
20 to measure the magnitude of the signals. The' monitoring 
means' may comprise decoding means for decoding the data 
transmitted. The monitoring means may comprise a CPU. 

Control means can be provided for acquiring and 
processing the data to be transmitted and controlling the 
25 effective impedance modulating means. The control means 
can be arranged to accept and process data output by 
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sensors disposed in a desired location. the control 
means can be arranged to produce an encoded signal 
representing the data to be transmitted. The control 
means can be arranged to switch the switch means between 
its two states in order to modulate the effective 
impedance of the signal circuit in accordance with the 
encoded signal representing the data to be transmitted. 
The control means can comprise a microprocessor. 

in developments of the invention the downhoie 
structure or signal channel is provided with a plurality 
of isolation joints. A plurality of effective impedance 
modulating means can be provided, each of which may 
comprise a respective isolation joint. 

According to a third aspect of the present invention 
15 there is provided a data transmission system comprising, 
signal generating means for generating and applying 
to. a signal circuit a signal which represents data to be 
transmitted, wherein the signal generating means 
comprises a reference signal generating means and 
modulation means for modulating the reference signal to 
thereby encode the data to be transmitted, the mbdulation 
means comprising effective impedance modulating means for 
modulating the effective impedance of the signal circuit, 
and the effective impedance modulating means comprising 
2 5 switch means which is switchable between two states, the 
effective impedance of the signal circuit when the switch 
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means is in the first state, being greate*- than the 
effective impedance of the signal circuit when the switch 
means is in the second state, wherein the switch means 
comprises charge storage means arranged to enhance the 
5 difference in effective impedance between the first and 

second states. 

Monitoring means may be provided for monitoring 
changes in the reference signal caused by the modulating 
means . 

10 According to a fourth aspect of the present 

invention there is provided a pipeline system comprising 
a conductive pipe for carrying fluid, and a data 
transmission system as defined in more detail above. 

According to a fifth aspect of the present invention 
15 there is provided a well comprising downhole structu-re 
including a conductive pipe for carrying fluid and a data 
'transmission system as defined in more detail above. 

Many of the preferred features introduced in 
relation to the first and second aspects of the invention 
20 are equally applicable as preferred features . of the 
third, fourth and fifth aspects of the invention. 

Embodiments of the present invention . will now be 
described by way of -example only with reference to the 
accompanying drawings in which: 
25 Figure 1 is a schematic view of a well comprising 

a downhole data transmission system; 



PCT/CB99/00129 

WO 99/37044 



10 



12 

Figure 2 is a schematic v.iew of a wellhead station 
of the downhole data transmission system shown in Figure 
1; 

Figure 3 is a schematic view of a downhole station 
of the downhole data transmission system shown in Figure 
1; 

Figure 4 is a simplified schematic view of the 
downhole data transmission system shown in Figure 1; 

Figure 5a to 5c are a side view, a plan view, and 
an end view of a carrier for the downhole station of 
Figure 3 ; 

Figure 5d is a section on line A-A in Figure 5a; 
Figure 5e is a section on line B-B in Figure 5a; 
Figure 6 is a schematic view of a module containing 
15 the downhole station shown in Figure 3; 

Figure 7 is a sectional view of a cable head of the 
module shown in Figure 6; 

Figure 8 is a graph showing the voltage distribution 
along the downhole structure of the well shown in Figure- 
20 1 ; 

Figure 9 is a schematic view of an alternative 

switch means; 

Figure 10 is a schematic view of a well including 
a data transmission system with an alternative earthing 

2 5 arrangement; and 

Figure 11 is a simplified equivalent circuit of the 
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system shown in Figure 10. 

Figure 1 shows a well which generally comprises a 
wellhead (1) one or more production strings (2) and 
associated casing (C). The production string (2) is 
5 disposed within the casing (C) for the majority of its 
length but in normal operation the extreme end of the 
production string (2) will project beyond the casing (C) 
to form an exposed portion (2a)*. The metallic structure 
(S) of the wellhead (1) is electrically isolated from the 

10 downhole structure, which comprises the casing (C) and 
the production string (2), by a wellhead isolation joint 
(IJ). The production string (2) and casing (C) are 
themselves electrically connected so that the casing (C) 
and the production string (2) are treated as a single 

15 conducting channel - 

A downhole isolation joint (IJ) is provided in the 
exposed part (2a) of the production string (-2). The 
downhole isolation joint (IJ) electrically isolates an 
earth portion (2b) of the production string (2) from the 

20 remainder of the downhole structure (2,C). 

The well further comprises a wellhead station (3) 
and a down hole station (4) which comprise all the 
sensors and electronic circuitry required for obtaining 
data regarding the well and transmitting data between the 

25 wellhead station (3) and downhole station (4). 

Referring to Figure 2, the wellhead station (3) 
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compr:Lses a central processing unit (CPU) (31), an 
extremely low frequency (elf) transmitter (32) which is 
controlled by the CPU (31) and which is connected across 
the wellhead isolation joint (IJ). One terminal of the 
transmitter (32) is connected to the wellhead structure 
(S) and the other terminal is connected to the downhole 
structure {C,2). The wellhead structure (S) provides a 
connection to earth which is electrically isolated from 
the downhole structure (C,2) and free from electrical 
. influence to complete the return oath. Alternatively a 
connection can be made directly to earth, to a sea water 
electrode or to a pipeline. 

A wake-up processor (33) for controlling the CPU 
(31) is also connected across the wellhead isolation 

15 joint (IJ). 

A current source (34) which can be implemented, for 
example, using semiconductor technology is connected, 
across the wellhead isolation joint (IJ). One terminal 
is connected to the wellhead structure (S) and the other, 
terminal is connected to the downhole structure (2, C). 
voltage measuring means (35) are connected across the 
current source (34). The output of the voltage measuring 
means (35) is connected to the CPU (31). 

The wellhead station (3) draws it power from an 
25 external source (36) and is provided with a. power supply 
unit (37), a battery (38) and a regulated supply. (39) for 
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supplying power to all the components provided in the 
wellhead station (3).- 

Referring to Figure 3, the downhole station (4) 
comprises a CPU (41) which has an associated data 
5 input/output module (42) which in turn is connected to 
optional sensors (43), a temperature sensor (44) and a 
pressure sensor (45). 

The downhole station also comprises a wake-up 
processor (46) which controls the CPU (41), an extremely 
10 low frequency receiver (47) an output of which is con- 
nected to the CPU (41) and a switch means (48) which is 
controlled by the CPU (41)- The wake-up processor (46); 
the extremely low frequency receiver (47) and the switch 
means (48) are connected across the downhole isolation 
15 joint (IJ). One terminal of each of these three devices 
is connected to the main part of the production string 
(2) and the other terminal of each is connected to the 
earth portion- (2b). The switch means has a closed 
position in-which the downhole isolation . joint: (IJ) is 
20 shorted out so that a conduction path exists, from the 
main part of the production string. (2) to the earth 
portion (2b) and an open position in which no such 
conduction path exists. 

The downhole station (4) further comprises a low 
25 voltage power supply unit (49), a battery (410) and a 
regulated power supply (411) for providing power to all 
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of the devices located in the downhole station (4). 
However, the low voltage power supply unit (49) does not 
have to supply the power required for transmitting data 
to the well head station (3). 

Figure 4 shows a simplified diagrammatic view of the 
data transmission system for assisting in gaining an 
understanding of the mechanism for transmitting data from 
the downhole station ( 4 ) to the wellhead station (3), 

Figures 5a to 5e show a ■ carrier (5) in which a 
module comprising the downhole station (4) can be 
disposed. The carrier (5) is arranged to be disposed in 
the production string (2) and has a central bore (5a) 
through which product extracted from the well can pass. 
An electrical connection (51) is provided between the 
15 downhole station (4) and the carrier (5) which forms part 
of the earth portion (2b) of the production string. 
Similarly an electrical connection (52) is provided to 
the main part of the production string (2) via an 
enclosed cable route (53) which crosses the downhole 
isolation joint (IJ). An internal pressure port (54) is 
provided so that the pressure sensor (45) can be used to 
measure the pressure within the bore (5a). 

.Figure 6 shows the construction of the module used 
as the downhole station (4) which comprises a cable head 
25 (61), a power section (62), a telemetry module (63), a 
pressure and temperature sensor -section .( 64.) and a 
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process connection (65). Figure 7 shows the detailed 
construction of the cable head (61). 

In operation to minimise the energy requirements 
both the wellhead station (3) and the downhole station 
5 (4) are controlled by the respective wake-up processors 
(33) and (46). The wake-up processors (33, 46) are the 
only components which require continuous power supply and 
are arranged to power up the rest of the respective 
stations (3, 4) once they have received an appropriate 
10 input.. 

When data is to be transmitted from the wellhead 
station (3) to the downhole station (4) the wake-up 
processor (33) first activates the CPU (31) which then 
causes the elf transmitter (32) to apply a modulated elf. 
15 ■ signal to the downhole structure {2,C) which represen-ts 
" * *the data * to be transmitted. During this- process the 
modulation occurs across- the wellhead isolation joint 
(IJ) and the connection to the wellhead structure (S) is 
used as an earth. The signal travels along the. downhole 
20 structure (2,C) as far as the downhole isolation joint 
(IJ) at the downhole station (4).* 

The wake-up processor (46)and^elf receiver (47) in 
the downhole station (4) monitor the downhole structure 
(2,C) for transmitted signals using the earth, provided 
25 by the earth portion (2b) of the production string as a 
reference. ' When an appropriate signal is received, the 
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CPU (41) can be activated to decode the transmitted data 
and take the appropriate actions. The wake-up processor 
(46) can be arranged so that it only activates the CPU 
(41) when the signal detected includes an address or a 
5 tone which the wake-up processor (46) recognises. 

The sensors ( 43 , 44 and 45) provided in the downhole • 
station can be used to measure quantities of interest 
at certain predetermined time intervals and/or in 
response to instructions transmitted from the wellhead 
10 station (3). The mechanism for transmitting the data 
obtained from the sensors (43, 44 and 45) to the wellhead 
station (3) is different from that used to transmit data 
from the wellhead station ( 3 ) to the downhole station 
(4) . 

15 The signal generating means used to apply the signal 

to the downhole structure (2,C) for transmitting data 
from the downhole station ( 4 ) to the wellhead station (3) 
comprises two distinct parts disposed in two distinct 
locations. The current source (34) in the wellhead 
20 station acts as a reference signal generating means and 
the switch means (48) controlled by the CPU (41) in the 
downhole station (4). acts as modulation means, more 
particularly effective impedance modulating means. 

The current source (34) supplies a reference signal 
25 which is a constant dc current to the section of downhole 
structure . (2,C) between the wellhead and downhole 
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isolation joints (IJ). In the. normal condition with the 
switch means (48) open, the wellhead structure (S) and 
the earth portion (2b) of the production string are 
electrically isolated from this section of the ddwnhole 
5 strucrure (2,C) by the isolation joints (IJ) and act as 
earths. The section of the downhole structure (2,C) 
between the isolation joints (IJ) is not perfectly 
insulated from its surroundings ( ie earth) so current 
leaks and the potential difference between the downhole 
10 structure {2,C) and earth steadily falls along the length 
of the downhole structure (2,C) to a certain value at the 
downhole isolation joint AIJ)- When the switch means 
(48) is' open there is zero potential difference between 
the earth portion (2b) of the production string and earth 
15 ' and a resultant potential difference exists across the 
* downhole- isolation joint.(IJ). The voltage • distribution 
along the downhole structure (2,C) when the switch means 
(48) is in the open position is schematically shown in 
Figure 8. 

'20 With the switch means (48) in . the . open position 

there will be an essentially constant voltage drop (open 
voltage )' across the current source (34). The voltage 
measuring means (35) detects this open voltage and sends 
an appropriate signal to the CPU (31). 
25 When • the switch - means (48) is in the closed 

position, although the wellhead- structure .( S ) • is still 
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isolated from the downhole structure (2, C) , the earth 
portion (2b) is electrically connected to the remainder 
of the production string (2) via the switch means (48). 
This changes the impedance of the signal circuit 
5 comprising the downhole structure (2, C) and the earth 
returns and produces a corresponding change in the 
voltage produced across the current source (34). The 
voltage drop across the current source (34) when the 
switch means xs closed (closed voltage) is essentially 
10 constant but is different from the open voltage. The 
voltage measuring means (35) detects this closed voltage 
and sends an appropriate signal to the wellhead CPU (31). 

Data is transmitted from the downhole station (4) 
by modulating the impedance of the signal circuit by 
15 opening and closing the switch means (48) at the downhole 
station (4) and detecting the resulting changes in 
voltage across the current source (34) at the wellhead 
station ( 3 ) . 

When the downhole station (4) transmits data, the 
20 downhole CPU (41) encodes ■ the data, to be sent and 
operates the switch means (48) to modulate the' impedance 
of the signal circuit in accordance with the encoded 
data.- The voltage measuring means (35) at the wellhead 
station (3) detects the changing voltage and outputs 
25 appropriate signals to the .wellhead CPU (31) which 
decodes the signal received to extract the desired data. 
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The data can be encoded using digital dc signalling 
in which, say, the open condition corresponds to a zero 
and the closed condition corresponds to a one. In some 
circumstances it may only be possible to achieve 
5 relatively low data transmission rates but this is not 
necessarily a problem. information from the downhole 
station is typically only required at relatively 
infrequent, for example monthly, intervals. 

The relatxvely infrequent need to extract 'data also 
10 reduces the problems that might arise due the application 
of high current (perhaps of the order of 100-100.0 
Amperes) to the downhole structure. Such currents are 
likely to be required to receive a satisfactory signal 
in some circumstances. Applying a positive bias to the 
15 structure tends to increase corrosion and applying a 
negative bias tends to cause hydrogen generation within 
the metallic structure. It is envisaged that a negative 
bias would be applied. 

Because of the arrangement used for transmitting 
20 data from the downhole station (4) no transmitter is 
required in the downhole station (4). This is a great 
advantage because' when these systems- are used in the 
envisaged environments the power requirements for the 
transmission of- data are high. Problems arise when 
25 attempting to meet these energy requirements in a 
downholis situation especially if the system is to remain 
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operable for an extended period of for example 20 years. 
It will be appreciated that the CPU (41) and other 
circuitry in the downhole station requires a relatively 
low level of power to operate which can be more easily 
met by a battery or other energy source. 

in an alternative a circuit component such as a 
primary of a transformer is provided in parallel to the 
simple switch of the switch means (48) so that when the 
switch is in the open position there is still a 
conduction path across the downhole isolation .oint (IJ). 
The impedance of the signal circuit will still differ 
between the closed and open states and a corresponding 
Change in voltage across the current source (34). will 

still be observed. 

in some alternatives a constant peak to peak ac 
signal can be used as .a reference signal. .The ac signal 
should preferably be an extremely low frequency (elf) 
signal. The ac signal can be used as the primary clock 
for implementing coherent detection of signals 
transmitted in either direction or both directions along 
the downhole structure. 

An alternative form of. switch means is shown in 
• Figure 9 which comprises four transistors (91) connected 
to form a bridge and a charge storage means (92) which 
is a large valued capacitor.. The bridge is connected 
across the downhole isolation .joint (IJ) and is 
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controlled by the downhole CPU (4,1) to modulate the 
effective impedance of the signal . circuit in order to 
transmit data in the same way as described above. The 
alternative switch means has two positions each of which 
5 causes the signal circuit to have a particular effective 
impedance and causes a characrer istic voltage to be 
detected across the current source (34). In one posiT:ion 
the transistors (91) are switched so that the reference 
current has to charge up the capacitor, raising the 
10 effective impedance. In the other position the reference 
current tends to discharge the capacitor, lowering the 
effective impedance. An electric cell can be used in 
place of the capacitor to give the same effect. ■ This 
alternative form of switch means is probably only 
15 practical when the reference current is dc . The use of 
a charge storage means (92) and bridge arrangement 
improves the signal to noise ratio of the received signal 
at the well head. 

• Figure 10 schematically- shows a particularly 
20 preferred alternative arrangement which is substantially 
the same as that described above ^ .with reference to 
Figures 1 to 9 with the exception that the voltage 
measuring means (35) is not connected directly across the 
current source (34). Rather, one terminal of the voltage 
2 5 measuring means (35) is connected to the output of the 
current source (34) which is connected to the downhole 
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structure (2, C) and the other terminal of the voltage 
measuring means (35) is connected to a reference earthing 
point (R) which is distinct from the wellhead structure 
(S). on the other hand, the second terminal of the 
current source (34) is still connected to the wellhead 
structure (S) (as in the embodiment described with 
reference to Figures 1 to 9 ) to complete the signal 
circuit. Figure 11 shows a simplified equivalent circuit 
of the arrangement shown in Figure 10. In this circuit 
the downhole structure (2,C) and its leakage paths to 
(E) are represented as a ladder network of 
resistors . 

The arrangement of Figures 10 and 11 is particularly 
preferred because the wellhead structure (S) does not 
represent true earth (E) when the current is being driven 
around the signal circuit by the current source (34). The 
current creates a potential difference between the 
wellhead structure (S) and true earth (E). This can be 
thought of in terms of there being a finite impedance 
(rj between the wellhead structure (S) and true earth 
(E) . AS current flows around the signal circuit a voltage 
exists across the impedance (rj. There are also current 
leakage paths- between the downhole structure (2,C) and 
the wellhead structure (S) through the surrounding 
25 ground. These are of significance because of. the close 
proximity between the downhole (2,C) and wellhead (S) 
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Structure. Because of these leakage paths, as the overall 
impedance of the signal circuit is modified using the 
switch means (48), the potential difference between true 
earth (E) and the wellhead structure (S) will Vary as 
5 well as the potential difference between true earth (E) 
and the top of the downhole structure {2, C). Thus if 
the voltage measuring means (35) is connected directly 
across the current source (34) the change in the 
potential of the wellhead structure (S) will be detected 
10 by the voltage measuring means (35) and this will weaken 
the signal. However, in the arrangement shown in Figures 
10 and 11 because a separate reference earthing point (R) 
is used, this problem is alleviated. The reference 
earthing point (R) is chosen such that it is less 
15 influenced and. ideally not influenced, by the leakage 
currents. This means that the potential ■ difference 
between the reference earthing point (R) and -true earth 
(E) is more- constant and ideally entirely constant. 

In this arrangement the impedance (rj between the 
20 wellhead structure (S) and true earth (E) is relatively 
low, typically of the order of 0.1 ohms.: This allows the 
signal circuit to be completed without unacceptably high 
voltages building up across the terminals, of - the current 
source (34). On the other hand, the impedance (r^^) 
25 between the reference earth (R) and true earth (E) can 
be relatively large, for example of the order to 100,000 
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ohms, without affecting the operation of the signal 
circuit or the signal value detected by the voltage, 
measuring means (35). As mentioned above, the important 
point is that the signal being measured by the voltage 
measuring means (35) is independent of the potential 
difference between the wellhead structure (S) and true 
earth (E) . 

. The reference earthing point (R) can be disposed a 
considerable distance away from the wellhead structure 
(S) for example, 100 metres. The reference earthing point 
(R) may be formed by driving a metal stake into the 



•ground. • 

in further alternatives a number of downhole 
isolation joints are provided and a downhole station is 
15 provided at each isolation joint. The isolation joints 
can be in one or several separate production strings, 
in this way measurements can be made at a number of 
different locations. Data can be transmitted to and from 
each downhole station in the same way as described above. 
Each downhole station can have a unique address or tone 
frequency so that instructions can be directed to a 
particular station. Any or all of the sections of the 
downhole structure not being used at a particular time 
for transmitting a signal can be used as a distributed 
25 earth. 

A dedicated monitoring section comprising the 
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necessary features 'including . an isolation joint and 
downhole station to allow data to be recorded, received 
and transmitted can be provided to replace part or all 
of a production string. The monitoring section can be 
5 arranged for use in a producing well as well . as being 
suitable to be left in and/or introduced into an 
abandoned well. 

In an alternative a section of the earth portion of. 
the production string can be insulated from the 
10 surroundings so that the remaining uninsulated portion 
of the earth portion can act as a .remote earth. 

In another alternative the well head isolation joint 
is dispensed with and a separate earth return is 
provided. It would of course always be possible to 
15 provide a separate earth return but when a well head 
isolation joint and export pipeline is present , using the 
pipeline as the earth return is- the natural option. 

In a further alternative a sheath of material 
different from that of the production string can. be 
20 provided over the earth portion of. the string. This 
material for example can be copper' or Platinised 
Titanium.- The use of Platinised Titanium is . probably 
preferable electrically but may be prohibited on cost 
grounds or be regarded inadequate in its resistance to 
25 abrasion. The use of such a sheath can help to increase 
the potential difference producible across the downhole 
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isolation joint. This may improve impedance modulation 
whilst providing a higher voltage supply to the downhole 
power supply unit when implemented as a simple chemical 
cell. 
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Claims: 

1. A data transmission system for use with a pipeline 
system having at least one electrically conductive pipe 
5 arranged for carrying a fluid comprising, 

reference signal generating means for applying a 
reference signal to a signal circuit, 

effective impedance varying means for varying the 
effective impedance of the signal circuit in dependence 

10 on data to be transmitted, and 

monitoring means for monitoring changes in the reference 
signal caused by varying the effective impedance of the 
signal circuit to thereby extract data, wherein the 
reference signal generating means is arranged for 

15 applying a signal to a pipe in the pipeline system 
whereby, in use, the signal circuit comprises said pipe. 

2. A data transmission system according to claim 1 
wherein the signal circuit comprises a signal channel 

20 along which data is transmitted and a return conduction 
path via earth. 

3. A data transmission system according to claim 1 or 
claim 2 wherein the reference signal generating means 

25 comprises a constant current source. 



BNSOOCID: <WQ 9 fl37044Al I > 



PCT/CB99/00129 

WO 99/37044 



10 



30 

A data transmission system according to claim 3 
Wherein the current source is arranged to generate a 
constant dc current signal. 

5. A data transmxss.on system according to claim 3 or 
claim 4 wherein the monitoring means xs arranged for 
monitoring changes in the potential difference, due to 
the reference signal, between a terminal of the current 
source and earth. 

6. A data transmission system according to any one of 
Claims 3 to 5 wherein the monitoring means is connected 
across the terminals of the current source. 

7. A data transmission system according to any one of 
claims 3 to 5 wherein, in use, a separate reference 
earthing point is provided and the monitoring means is 
arranged to monitor the potential difference between an 
output of the current source and the reference earthing 
20 point. 

8. A data transmission system according to any 
preceding claim which is arranged for use in a well 
having downhole structure, the downhole structure 
•25 comprising the pipe to which the reference signal 
generating means is connected in use. 
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9. A data transmission system according to any 
preceding claim wherein the effective impedance varying 
means comprises switch means switchable between two 

5 states, the effective impedance of the signal circuit 
when the switch means is in the first state being greaner 
than the effective impedance of the signal circuit when 
the switch means is in the second state. 

10. A data transmission system according to claim 9 
10 wherein the switch means comprises charge storage means 

operable to change the effective impedance of the signal 
circuit in dependence on the state of the switch means . 

11. A data transm.ission system according- to any 
preceding claim wherein the effective impedance varying 
means is an effective impedance modulation means for 
modulating the reference signal to encode data to be 
transmitted and the monitoring means is arranged for 
decoding data transmitted. 

12. A method of data transmission for use with a 
pipeline system having at least one. electrically 
conductive pipe arranged for carrying a fluid comprising 
the steps of, 

generating and applying a reference signal to a signal 
circuit. 



20 
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varying the effective impedance of the signal circuit in 
dependence .on data to be transmitted, and 

taonitoring changes in the reference signal caused 
by varying the effective impedance- of the signal circuit 
5 to thereby extract data, including the steps of using a 
pipe in the pipeline system as part of the signal circuit 
and applying the reference signal to said pipe. 

13. A data transmission system comprising, 
10 signal generating means for generating and applying 

to a signal circuit a signal which represents data to be 
transmitted, wherein the signal generating means 
comprises a reference signal generating means, and 
modulation means for modulating the reference signal to 
15 thereby encode the data to be transmitted, the modulation 
means comprising effective impedance modulating means for 
modulating the effective impedance of the signal circuit, 
and the effective impedance modulating means comprising 
switch means. which is switchable between two states, the 
20 effective impedance of the signal circuit when the switch 
means is in the first state being greater than the 
effective impedance of the signal circuit when the switch 
means is in the second state, wherein the switch means 
comprises charge storage means arranged to enhance the 
2 5 difference in effective impedance between the first and 
second states. 
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